This paper presents a precise determination of the fine stmcture of a Wadati-Benioff zone based on analysis of analog and digital seismic data recorded by a local network in the San Juan Province of western Argentina. The network is located above one of the subhorizontal segments of the subducted Nazca plate. Without the complicating effects of a dipping slab on the locations of earthquakes, the nearly flat geometry of the subducted plate provides an excellent opportunity to determine the thickness and structure of the Wadati-Benioff zone. We found that the depth of the Wadati-Benioff zone beneath the network is 107 + 5 km. For a set of digitally recorded events, the distance between the shallowest and the deepest event gives a thickness of 20 km, with 90% of the data concentrated in a zone 12 km thick. The spatial distribution of hypocenters shows no evidence of complex intemal structure such as a double Wadati-Benioff zone. The local network data also suggest that in the region near 32øS where the dip of the Wadati-Benioff zone changes from flat to steep the Nazca plate flexes rather than tears at depths less than at least 125 km. The intermediate-depth seismicity is separated from an active zone of crustal seismicity by an aseismic region between depths of about 40 and 95 km. The upper surface of the subducted plate, inferred to be at about 90 km, provides an upper limit to the thickness of the South American plate in this region. An apparent westward dip of the Wadafi-Benioff zone as determined by the local network data can be accounted for by a 6 ø westward dip of the Moho beneath the San Juan region, a result that is in agreement with regional gravity and topographic data.
INTRODUCTION
The thickness, morphology, and internal structure of Wadati-Benioff zones places constraints on mechanical and thermal models of subducted lithosphere. Studies based on teleseismic data, while providing good determinations of absolute locations and dips, suffer from the low number of well-located events in any specific area. The use of local network data greatly increases the number of events, but for typical Wadati-Benioff zones, with dips of 300-50 ø, the resolution of the structure and thickness of a Wadati-Benioff zone is still degraded by two effects. First, the inclined geometry allows both the depth error and the epicentral error to affect the estimation of thickness of the seismic zone.
Second, the three-dimensional velocity structure of the dipping lithospheric slab can have a strong effect on the earthquake locations determined with both local network and teleseismic data. This slab effect is different for the two types of data so that the comparison or combination of these data is complicated [Barazangi and Isacks, 1979 ; Engdahl et al., 1982; McLaren and Frohlich, 1985 ]. An ideal situation would be to obtain data directly above a nearly horizontal Wadati-Benioff zone and thus avoid the effects of a dipping slab. Figure 1 is not uniformly or continuously distributed but is composed of nests and fingers, or bands, of seismicity with large aseismic gaps between the regions of activity. In addition, the dip of the intermediate-depth seismic zone changes markedly several times along strike [Barazangi and Isacks, 1976] . Nevertheless, Beyis and lsacks [1984] have shown that the seismicity distribution, including the distribution through the region where the dip changes beneath southern Peru, can be fit with a relatively simple surface that is continuous and free of tears.
The map pattern of intermediate-depth seismicity shown in
The area of interest in this paper is located in one of the fingerlike patterns of seismicity near 31øS-32øS. This roughly eastwest trending linear feature of high seismic activity both defines the flat slab region and forms its southern boundary, separating it from a region of steeper dip to the south that is poorly defined due to the low level of seismicity. 
Analysis of Analog Data
Owing to the high level of seismicity in the intermediatedepth nest, it is possible to restrict the region of study to a small area directly below the network station RTLL, where the location precision is very high, and still have enough events to obtain meaningful statistics. In this area the epicentral control is excellent, and the epicenters obtained are relatively insensitive to the velocity models used in locating the events, due to the near-vertical ray paths from the events to the network stations. We will therefore limit the region of study to a circle of 30-km radius (shown in Figure 2b 
Analysis of Digital Data
We use the digitally recorded seismograms from the network to study the uncertainties of measuring the S-P times and to show that there is a real spread in the S-P times due to a nonzero thickness of the Wadati-Benioff zone.
There are three reasons for the improved resolution available with the digital data. First, the time resolution available on the digital seismograms is 0.01 s, which is much higher than that available on the analog seismograms. Second, using the Lawrence Livermore National Laboratory seismic analysis code (SAC) program, the P arrival time can be picked automatically and systematically, with relative errors of less than +0.02 s. Third, the S wave phase arrival can be easily correlated across the network by eye, which improves the S arrival pick. A histogram of moveout corrected S-P times, for 51 events with epicentral distances less than 30km from station RTLL and located using the digital data is shown in Figure 6b . This distribution, which has a negative skew- In the preceding analyses, a nonzero width of the seismic zone was inferred due to the large difference between the uncertainty of the S-P determination and the uncertainty associated with a Gaussian model having a standard deviation equal to the standard deviation of the S-P distribution. Examination of the digital data, however, clearly shows that there is a real distribution in the S-P times and therefore a nonzero width to the seismogenic zone. Islands [Sykes, 1966; Veith, 1974; Isacks and Barazangi, 1977] and Tonga [Kawakatsu, 1986a] . Several models for these double zones have been proposed, including unbending of the subducted plate [Isacks and Barazangi, 1977; Engdahl and Scholz, 1977; Kawakatsu, 1986b] , plate age and convergence rate [Fujita and Kanamori, 1981] , the stress field generated by the thermal evolution of the plate as it subducts [House and Jacob, 1983] , sagging of the lithosphere under its own weight [Sleep, 1979] , and olivinespinel phase changes [Veith, 1974] .
Cross-cutting faultlike features within a Wadati-Benioff zone give estimates of seismogenic thickness by resolving the dimensions of these features perpendicular to the inferred overall orientation of the Wadati-Benioff zone. The spatial distribution of multiple events [Fukao, 1972; Wyss, 1973; Wyss and Molnar, 1972] Several intermediate-depth Wadati-Benioff zones defined by high-resolution studies based on local network data, however, are thin single-planed zones. These include southeast Alaska [Lahr, 1975; Pulpanand Frohlich, 1985] , the Adak region of the Aleutians [Engdahl, 1973 [Engdahl, , 1977 
Thickness of South American Plate
The Nazca plate at 31øS subducts eastward at a dip of 
